Riboprobes (in situ hybridization) and antibodies (immunohistochemistry), previously used to show the upregulation of Ciona intestinalis (Type A) galectins (CiLgals-a, CiLgals-b) and phenoloxidase (CinPO2) immunerelated genes, were tested on histological sections of the ovary. The ovarian follicles are composed of oocytes encased by follicular cells (FCs) and test cells (TCs). Results show the transcription upregulation of both CiLgals and CinPO2 genes in the vitellogenic FCs, conversely distinct cytolocalization of the proteins are shown. At vitellogenic stage, the CiLgals are localized in the FCs, in the oocyte cytoplasm, and close to the germinal vesicle (GV), whereas the CinPO2 was never identified in the FCs. In a presumptive advanced phase and at the postvitellogenic stage the TCs appear to be labelled by the CinPO2 riboprobe, and the protein identified by the antibody suggesting an mRNA transcytosis process from FCs. At post-vitellogenic stage the CiLgals mainly enrich the GV nucleoplasm, whereas the CinPO2 is contained in TCs and in the ooplasm but never found in the GV. This finding sheds new light on a former paper in which TCs were reported to be the only CinPO2-producing cells in the ovarian follicle. Finally, CiLgals and CinPO2 genes transcription and proteins production seem to be associated with accessory cells during their differentiation from vitellogenic to post-vitellogenic stage. The present findings promote further research on the early upregulation of immune-related genes, and the potential multifunctional role of the produced proteins. In addition further insight on the accessory cells involvement in ascidian oogenesis are reported.
Introduction
Tunicata a chordate subphylum, which includes the ascidians, are retained the sister group of vertebrates [1, 2] , and most of them are hermaphroditic. In the ascidians Boltenia villosa and Ciona intestinalis, the expression of several immune-related vertebrate homologs genes (mannose specific lectin, hemocytin, complement factors, selectins, pentraxin and von Willibrand factors) have been reported in embryos, during the brief larval phase, and metamorphosis [3] [4] [5] [6] . In Ciona intestinalis (Type A), a CiTNFα-like gene is expressed in swimming larvae [7] , while the transcription of a phenoloxidase gene (CinPO2) is modulated in embryogenesis and larva stages [8] . In addition, a homolog of the CD94 (CiCD94) vertebrate receptor of NK cells, is expressed during larva development [9] .
In ascidians, maternally provided mRNAs and proteins drive the early embryogenesis and activate the zygotic genome [10] [11] [12] [13] [14] . Many developmental biology and gene expression protocols, including whole mount in situ hybridization assay, require removal of the accessory cells [15] [16] [17] . However, this removal can subtly alter the development of embryos and larva metamorphosis [18] [19] [20] . In C. intestinalis (Type B), dechorionated growth alters cell organization in the embryonic ectoderm pattering [21] . Therefore, it is of interest to examine the relationship between the accessory cells and the oocyte that may begin in the growing follicle.
Galectins are components of a lectin family of extensive taxonomic distribution and striking evolutionary conservation, characterized by a conserved carbohydrate recognition domain (CRD) with a relatively high affinity to β-galactosides [22, 23] . They are involved in immunity, cell communication, self not-self recognition, cell proliferation, development, differentiation and malignant transformation [22] [23] [24] [25] . Intracellular galectins participate in a wide variety of biological phenomena, and a single galectin can exert multiple roles [25, 26, 27] .
Several galectins have been found in invertebrate species, including ascidians and cephalochordates [23, 28, 29, 30] . In C. intestinalis (Type A), two bi-CRD galectins (CiLgals-a and CiLgals-b) have been identified and some their structural features examined [29, 30, 31] . In fish, they have a role in fertilization and are differentially expressed during early development [35, 36] .
The "prophenoloxidase (proPO) activating system" is a component of the invertebrate innate immunity. Upon activation by β-1,3 glucans or LPS, a limited proteolysis (serine proteases) of the proenzyme produces the active phenoloxidase (PO). Intermediate pathway products (quinones or oxygen radicals) can exert cytotoxic activity [37] [38] [39] . A C. intestinalis PO (CinPO2) has been cloned and sequenced [40, 41] . This enzyme appears to be involved in development [8] .
It is generally accepted that transcript and protein localization in distinct tissues and cells are indicative of tissue functions. Thus, we examined the inflammatory response to LPS of the C. intestinalis pharynx, which has been defined the main immune competent organ [42] , and transcription upregulation of the CiLgals and CinPO2 genes have been shown [31, 43] . In situ hybridization and immunohistochemistry assays revealed that the constitutive expression of CiLgals can be enhanced in pharynx vessel epithelium, hemocytes and endostyle [31, 44] , as well as an increased CinPO2 expression was found in hemocytes that populate the tunic matrix [43] .
In C. intestinalis, the male and female gonads are located in the major mesenchymal space of the adult, situated in the abdomen [45] . The ovary consists of a branched ovarian tube and follicles formed by growing oocytes encased by their accessory cells [46] . The ovary follicles are usually distinguished in three stages: young oocyte of smaller size in which the accessory cells layers may be incomplete (stage I); vitellogenic (stage II) and post-vitellogenic (stage III) follicles which are formed by the oocyte-accessory cells complex [47] [48] [49] . According to a transmission electron microscopy study by Mancuso [48] , the C. intestinalis (type A) ovarian follicles at vitellogenic and post-vitellogenic stages are composed of two maternal accessory cell types which surround the oocytes: follicle cells (outer layer, FCs), and test cells (inner layer, TCs) which are in contact with the oocyte membrane. A thin acellular vitelline coat (VC) connects FCs and TCs [48, 50] . In the growing follicle, the TCs become embedded in the outermost cytoplasm of the oocyte and form a dense layer [48, 51] . The nucleus (germinal vesicle, GV) of the oocytes is arrested at first meiotic prophase and it is provided with one nucleolus. The mature follicles (stage IV, post-GV break down, GVBD), contained in the oviduct, show long spike-shaped and vacuolated FCs, while the TCs are released into the perivitelline space [48, 51] . The follicle growth is regulated by endogenous factors, including a tachikinin-like peptide (CiTK) and its receptor (CiTK-R) [52] .
In this paper, the expression of innate immune-related genes (CiLgals and CinPO2) in the ovary of C. intestinalis is reported, and histological observations shed further light on the activity of the follicle complex: transcripts have been found in accessory cells, meanwhile the proteins are differently localized in these cells and in growing oocytes. We tested the riboprobes (in situ hybridization with CiLgals-a, CiLgals-b and CinPO2 probes) and the antibodies (immunohistochemistry with anti-CiLgals-a or CiLgals-b antibody, and anti-CinPO2 antibody) that are known to be specific to their targets during the inflammatory response [8, 31, 44] . Although the functions of CiLgals and CinPO2 in follicles can only be hypothesized, our findings provide insights for further research on the involvement of the accessory cells during the follicle growing phases, while they suggest a potential multifunctional role of the immune-related genes in distinct phases of the ascidian life cycle.
Material and methods

Animals
Recently, at least two species, temporarily named C. intestinalis type A and B, with different geographical distribution, have been proposed [53, 54] . The type A has also been designate as C. robusta [55] geographically distributed in the Mediterranean, Pacific, and Southern Atlantic coasts of Europe [54, 56] . Nonetheless, evidence of incomplete reproductive isolation from the wild population within the shared range of A and B types, raises the taxonomic issue [57] . Based on the collection sites, most published reports on the oocytes and accessory cells derive from Type A animals [46, 50, 51, 58, 59] , in addition, all our studies have been performed on specimens from the Mediterranean coasts. Therefore, waiting for the taxonomic status to be precisely defined, in the present paper the name C. intestinalis (Type A) is kept.
Adult ascidians were gathered from Termini Imerese (Sicily, Italy) marinas during the springtime, maintained in tanks with aerated seawater at 15°C, under constant light, and fed every second day with a marine invertebrate diet (Coraliquid, Sera Heinsberg, Germany). The ovary was removed from the outer surface of intestinal loop. The study was performed in full compliance with the national (D.Lgs n.116/1992 and n.26/2014) and international European Commission Recommendation guidelines for the accommodation and care of animals used for experimental and other scientific purposes (2007/526/ EC).
Histological methods, antibody specificity, immunohistochemistry (IH) and in situ hybridization (ISH) assays
The antibodies and the riboprobes were the same that specifically recognized the two galectins and the CinPO2 expressed by the inflamed pharynx [8, 31] . IH with selectively purified antibodies (provided by GenScript USA Inc.) was performed. The titer (1:25,000) of the antibody preparations, and specificity were tested by ELISA on plates (Nunc, Denmark) coated with the peptide (10 μg/well) used as an antigen. The coated plates treated with antibody preparations (1:1000-1:50,000), or pre-immune rabbit serum (1:50-1:200), in blocking solution, were incubated with peroxidase-conjugated anti-rabbit IgGs (1:10,000), and then with o-phenylenediamine. The peroxidase product was quantified at 492 nm. The antibody specificity was further shown by competitive peptide ELISA as formerly reported in detail [60] . Antirabbit IgG phosphatase alkaline conjugated antibody was used as secondary antibody (1:10,000; 90 min at r.t.). Sections only treated with the secondary antibody or pre-immune serum (not shown) were as a control. The rinsed sections were stained with BCIP/NBT liquid substrate system.
The ISH was performed with the CiLgals-a, CiLgals-b or CinPO2 digoxigenin-11-UTP-labeled antisense probes (1 mg/ml final concentration) (Roche Diagnostics) as formerly reported in details [8, 31] . According to the former papers, the incubation of histological sections with the anti-sense probes at 37°C, allowed us to obtain cleaner controls. The treatment with sense probe preparations was as a control.
Ovary serial sections were prepared and alternatively treated with immunohistochemistry or in situ hybridization probes, and examined under a Leica DMRE microscope. Mallory's trichrome stain [61] was used to point out the histological organization of the oocytes. accessory cells features. The accessory cell morphology was related to the follicle growth phases, and they appeared to be contemporaneously modified during the oogenesis. At stage I (< 50 μm in diameter), undifferentiated primary FCs were only occasionally visible or incompletely covering the oocyte (not shown). At stage II (50-70 μm in diameter), oocytes containing abundant cytoplasm, were enveloped by prominently individualized fibroblast-shaped or cube-shaped FCs in contact each other to form a continuous layer, meanwhile TCs appeared encased in superficial depressions of the oocyte (Fig. 1B) . At that stage, the cytoplasm of FCs was characterized by transparent vacuoles varying in size and shape, and the cytoplasm of TCs contained small vacuoles and granules (Fig. 1B) . Fig. 1C shows the accessory cells of an advanced stage II follicle in which FCs contained larger vacuoles, while the TCs were filled with granules. Stage III follicles (about 100 μm in diameter) are visible in Fig. 1A , they present a more outstanding feature of the FCs, which were widened outwards and provided with large vacuoles, while numerous prominent granules occupied the cytoplasm of TCs. The examined histological sections did not allow to distinguish two FC layers (inner and outer), as well as stage IV follicles were never found. A large GV characterized the oocytes (Fig. 1B,C) .
Results
Mallory's staining of ovary sections
IH with anti-CiLgals antibodies and ISH with CiLgals riboprobes
The immunoreactivity with the anti-CiLgals-a (Fig. 1D-I ) or -b (Fig. 1L-R) antibody was mainly detected in stage II and III follicles, and both galectins presented a similar distribution. Fig. 1 shows different phases of CiLgals localization. In stage II follicles, the FC layer was well-marked by both antibodies (Fig. 1E-G,M,N) , whereas the TC layer, at the periphery of the ooplasm, was unmarked (Fig. 1E,G,M) . In other histological sections, the ooplasm periphery appeared to be enriched with vesicles containing positive granules that mask the TC layer ( Fig. 1F and inset) , while similar positive vesicles were observed just below this layer (Fig. 1F,N and insets) . In a presumptive advanced stage II, the immunoreaction with both antibodies showed the ooplasm containing positive material, mainly inside vesicles varying in size, that were close to the TC layer (Fig. 1F,G,N) . Fig. 1G also shows that the TCs no longer had the ability to bind the antibody. This feature was more evident in follicles at the subsequent stage III. Furthermore, more or less intense immunoreaction was scattered in the ooplasm to form a decreasing gradient from the periphery to the nucleus where it marked the GV outer surface (Fig. 1F,G,N) . Inside the GVs a loose positive granular content could be seen (Fig. 1F,G,N) .
In stage III follicles, the antibodies feebly marked the vacuolated and outstanding FCs, meanwhile the unmarked TCs appeared to be vacuolated and rich in granules (Fig. 1H,I ,O,P,Q,R). The immunoreactivity with both antibodies was mostly restricted to ooplasmic lobes that occupied the intercellular spaces between the unreactive TCs (Fig. 1H,I ,Q,R). The imunoreaction products could be contained inside vesicles (Fig. 1I,R and insets) . In the GV, the antibodies marked granules that occupied the entire nucleoplasm area (Fig. 1D,H,L,P) .
Finally, immunoreactive material was found to be associated to the VC layer interposed between the FC and TC layers of follicles at II and III stages (Fig. 1E,I ,M,N,P,Q).
In serial histological sections, in situ hybridization assays showed that both CiLgals-a and CiLgals-b riboprobes labeled the FCs that enveloped the stage II oocytes ( Fig. 2A-F) . The central area of the FCs, where presumably the nucleus was located, was labeled by the riboprobes ( Fig. 2C and D) . The FCs of stage III follicles were variously labeled by both riboprobes ( Fig. 2A-F) . In both oocyte stages, none of the used probes brands the GVs and the ooplasm ( Fig. 2A,B,E) , whereas riboprobes label some VC traits (Fig. 2C-F) .
Controls with the secondary antibody and sense riboprobes are shown by the insets of Fig. 1D and Fig. 2 A,B, respectively. 3.3. CinPO2 gene transcription occurs in FCs, while TCs are involved in the production of the enzyme Fig. 3A and B shows that FCs of stage II follicles were labeled by the CinPO2 riboprobe, whereas the TCs were unlabeled (Fig. 3A) . In  Fig. 3F , the control with the sense probe is shown. By comparing Fig. 3A and Fig. 3C ,D,E, the riboprobe, formerly absent in TCs shown by Fig. 3A , labeled both FCs and TCs shown by Fig. 3C,D ,E, and the plenty of marking could obfuscate the TCs morphology (Fig. 3D) . In particular, Fig. 3E shows riboprobe label in the accessory cells as well as in VC layer. The GV was never marked by the riboprobe (Fig. 3C,E) .
The immunohistochemistry with anti-CinPO2 antibody did not recognize CinPO2 in the FCs of stage II follicle, and it was never contained in their cytoplasm, as clearly shown by Fig. 3G-L . Conversely, the immunoreactive material marks the TCs (Fig. 3G-I ) and it was contained in vesicles associated to the TC layer and spreaded into the surrounding ooplasm ( Fig. 3H and I ). The insert in Fig. 3G shows that vesicles containing the enzyme can be manufactured by the TCs. In a more advanced II stage, the TCs were feebly marked (Fig. 3L) , while the ooplasm was enriched with positive vesicles (Fig. 3N) . In stage III follicle, the TCs were rich in unmarked granules, while positive ooplasm lobes were inserted between the TCs (Fig. 3M) . In these ooplasm lobes, vesicles containing the CinPO2 could be distinguished (Fig. 3N) . The GVs were never marked by the antibody (Fig. 3H-M) . Fig. 3O shows the control with the secondary antibody.
Riboprobe and the antibody also marked some VC traits (Fig. 3E,H ).
Discussion
In the ovary, the transcription of both CiLgals immune-related genes and the protein production are a property of the FCs which envelope the follicles at stage II (vitellogenic) and, at a lesser extent, at the stage III follicles (post-vitellogenic). The CiLgals transcripts were never found in TCs and GVs in any observed oogenesis phase, meanwhile immunohistochemistry shows that both galectins are contained in ooplasmic vesicles and in the GV matrix (presumably associated to chromatin). The diverse intensity of the ISH and IH reactions observed in various histological sections, could be imputed to the follicle staging and phases of follicular morphogenesis. In this respect, the histological observations showed the FCs assemble with each other as an organized epithelial monolayer, and, at the vitellogenic stage, they display an elongated and fibroblast-like shape, whereas the post-vitellogenic FCs are more vacuolated, have a wider size and a more outstanding feature. The dynamic of the FC layer morphogenesis has been related to a nonproliferative process [62] , so a putative effect of CiLgals as proliferation stimulus can be excluded, whereas a modulatory effect on FCs differentiation cannot be excluded [63] . Presumably due to the used histological method and/or the cutting level of the sections, we were not able to distinguish two FC layers (inner and outer) [49, 52] , moreover, these two layers have not been described by the previous electron microscopy study on C. intestinalis from the Mediterranean Sea [48] .
The different intensity of CiLgals riboprobes and immunostaining marking in the FCs shown in various histological sections, could be dependent on the FC morphogenetic phases. In parallel, in follicles at II to III stage, the galectins enrich the ooplasm and appear to be transferred to the GV outer surface and into the nucleoplasm. In vitellogenic follicles, numerous small ooplasmic vesicles with immunoreactive content, together with a diffuse reaction product, are located in the ooplasm just below the TCs, and they can be so abundant to mask the TC layer features. Such a presumptive transfer from the FCs appears to be accomplished in the post-vitellogenic stage when both antibodies mark granular material abundant in GV (never labelled by the riboprobes) meanwhile the FCs are only feebly marked. Parallel to the abundant localization in the GV of post-vitellogenic follicles, both galectins appear to be mainly restricted in oocyte ooplasmic lobes localized between the TCs, indicating a phase in which the surface of FCs joins to the ooplasm. Previous TEM observations [48] have shown that, as vitellogenesis progresses, vesicular bodies populate the ooplasm that insinuated between the TCs forming lobes provided with microvilli which come in contact with the FCs.
Although, the present findings do not elucidate the CiLgals export mechanism, their cytolocalization may be indicative of a transcytosis process [64] possibly by direct translocation across the membranes and/or manufacturing of vesicles that become scattered in the ooplasm. In this respect, it is generally accepted that galectins are synthesized on free ribosomes and bypass the classical biosynthetic ER-Golgi pathway [25] . In addition, it is of interest to mention that the multifunctional mammalian galectin-3 has been detected in carrier vesicles [65] exported by membrane blebbing [66] , and it reachs the nucleus; moreover, the polyvalent galectin-1 can be packed into vesicles that "bud off" at the plasma membrane [25] .
The possibility exists that, in the GV of growing oocytes, the CiLgals may be associated to the nuclear matrix and/or chromatin presumably involved in modulation of the nuclear activity. In mammals, the galectin-1 and galectin-3 have been found to be associated with the nuclear matrix, and they form ribonucleoprotein complex also involved in splicesosome assembly, regulation of the RNA splicing and trafficking apparatus [67] [68] [69] . More pertinently, it has been shown that they are also expressed in male and female gonads [70, 71] .
In spite of the anti-CiLgals-a or CiLgals-b antibody specificty, formerly stated by ELISA and competitive ELISA [31] , significant differences between CiLgals-a and CiLgals-b immunolocalizations were not found, while the transcription of both genes appear to be concurrent.
Since galectins are known to be involved in self-not self-recognition mechanisms [23] , it is intriguing the immunoreactivity of the thin layer (VC) interposed between FCs and TCs. However, we do not know whether the CiLgals are components of the VC involved in the allorecognition mechanism responsible of the FC/VC-mediated self-incompatibility barrier established by the FCs against autologous sperms during the follicle maturation [50, 51, 72] . Our findings on the labeling of the VC layer may merely depend on the passive capture of galectins released from the FCs, as also shown by the labeling with CinPO2 riboprobe and antibody.
Although the CiLgals functions remain to be elucidated, the transcription upregulation and proteins production by inflammatory hemocytes, the constitutive transcription by the stomach epithelium [73] and the present findings on the ovary, suggest that the CiLgals could exert multiple roles. In this respect, some properties of the molecular structure can be recalled [23, 25, 63] , including the CRD ability to bind different glycan structures, the capability to form oligomers leading to increased affinity for various glycans that characterize the glycome of each cell type and development stages [74] .
The second item discussed here concerns the CinPO2 gene expression. The phenoloxidase, that is an oxygenase as well as an oxidase, was found in bacterial biofilms [75] , fungi, plants and animals, suggesting an early evolution [76] . Depending on species and evolutionary pressures the PO enzymes have been modified and show a low degree of sequence similarities. The PO pathway exerts multiple functions including wound healing and immune response, skin pigmentation, building of the exoskeleton and browning of fruits and vegetables.
In a previous paper, we reported the CinPO2 gene transcription by TCs that envelope the ovarian oocytes [8] . However, the former light microscopy observations did not clearly distinguish the FCs adherent to the oocyte surface, and they were retained TCs in which CinPO2 gene transcription and the enzyme localization occurred. The present observations display that the transcript is mainly found in FCs of vitellogenic follicles while the riboprobe also labeled the TCs in which the anti-CinPO2 antibody identified the protein, whereas the antibody never reacted with the FCs. These findings may be suggestive of an mRNA transcytosis from FCs into TCs also marking the interposed VC. It is known that exosomes containing mRNA can be delivered to another cell and it can be functional in this new location [77] . From the TCs, where the protein could be synthesized, the CinPO2 appears to be exocyted into the ooplasm through a vesicular mechanism. In this respect, some images show a lot of vesicles, containing immunoreactive material that concealed the usual morphology of TC layer. Previous fine structure observations have shown that [48] , as vitellogenesis progresses, both TCs and FCs are contemporarily modified and these modifications correlate with the stage of development. In particular, the vitellogenic TCs are characterized by the protein synthesis machinery, then components of that machinery diminished indicating cell activity variations as shown by post-vitellogenic TCs in which dense granules and vacuoles occupy most of the cytoplasm [48, 62] . As already seen for the CiLgals, PO-containing vesicles fill the cytoplasmic lobes interposed between the TCs typical of the post-vitellogenic stage.
Due to the wide range of PO activity and the various functions of the proPO activation pathway [76] , we are not able to hypothesize the CinPO2 role during oogenesis, early embryogenesis and differentiation of mesenchymal cells in the larval tunic [8] . In the ovary, it is reasonable to relate the PO pathway with the increased expression and activity of chymotrypsin as challenged by tachykinin. Homologs of the mammalian ovary tachykinin (TK) and its receptor (TK-R) have been identified in Ciona ovary. The CiTK is an inducible factor for follicle growth from the vitellogenic stage to the post-vitellogenic stage; it induces the expression and enhances the activity of several proteases including the serine protease chymotrypsin, while the CiTK receptor is specifically expressed in TCs residing in vitellogenic oocytes [52] . These findings suggest that in Ciona ovary follicles the chymotrypsin could be involved in activation of the proenzyme proPO to active PO, as previously shown in the tunic inflammatory response [43] .
In brief, during the follicle growth, the vitellogenic FCs appear to be engaged in CiLgals and CinPO2 genes transcription, whereas the possibility exists that the CinPO2 protein, as opposed to CiLgals, is synthesized by TCs as shown by a presumptive mRNA transcytosis process. Both CiLgals and CinPO2 are scattered in the oocyte ooplasm, but only the CiLgals reach the nucleus and are abundant in the nucleoplasm of post-vitellogenic GV.
Finally, the findings on the localization and gene transcription in various tissues of C. intestinalis, suggest the multifunctional role of the immune-related CiLgals and CinPO2 genes.
